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I,  INTRODUCTION  AND  SUMMARY 


The  period  covered  by  the  precent  report  is  1 March  to 
51  Hay  195'^*  The  prosreas  of  the  major  projects  Is  suiosnarlzed 
in  this  section!  the  ietalls  are  described  in  subseouent 
sections. 

The  new  Microwave  Laboratory  building  is  being  completed 
on  schedule  and  will  be  fully  occupied  by  the  sumaer  of  195^* 
Virtually  all  the  perscni  tl  under  this  contract  will  then  be 
concentrated  in  one  building. 

1.  ACCELERATOR  KLYSTRONS.  Studies  of  the  characteris- 
tics of  accelerator  klystrons,  especially  with  regard  to 
their  life  and  the  various  causes  of  failure,  are  still  con- 
tinuing. “cat  of  the  work  is  being  rinanced  through  the 
ONR-AEC  accslei-ator  contract  (N6onr  2513.6),  and  some  work 
pertftlri5ng  to  extensions  to  higher  power  and  sealed-off 
versions  is  being  financed  by  AEC  Contract  aT(o4-5)-21  (Pro- 
ject Agreement  No.  1).  In  addition  tc  studying  the  causes  of 
failure,  the  accelerator  klystrons  are  being  continually  Im- 
proved by  wy.y  of  improving  efficiency  and  power  output.  It 
is  expected  that  the  work  on  high- power  k3ybtrons  will  be 
ultimately  ahlftod  entUvly  tc  projects  under  the  above- 
mentioned  contracts,  with  the  present  conti^act  sponsoring  only 
work  of  a basic  natvire. 

Some  success  has  been  achieved  in  sealing  off  a high- 
pvjwer  klystron.  This  tube  operated  uatisx'actorlly  from  the 
viewpoint  of  maintaining  a high  vacuum,  and  its  use  was  dis- 
continued for  another  reason.  A second  similar  tube  Is  being 
fabricated.  It  is  possxble  that  a sealed- off  tube  my  be 
capable  of  being  operated  over  a longer  period  of  time  with- 
out emmlsslon  failure  because  of  the  absence  of  such  contamin- 
ants 03  might  enter  a continuously  pumped  tube  through  the 
pump  system!  but  this  posslbilitj'  cannot  be  fully  established 
as  a fact  until  the  'life  nietorles'  of  a suitable  number  of 
such  tubes  have  teen  accumulated, 

2o  BASIC  STUDIES.  Further  improvements  in  beam  trans- 
miSBlon  are  being  sought  with  the  help  of  a number  of  modifica- 
tions Introduced  in  a special  model  of  a Mir,h- power  klystron. 
The  perfc'rmance  of  a tube  embodyirg  these  modifications  has 
been  suf f Iclently  satisfactory  to  Justify  their  inclusion  in 
future  tubes  (.including  nealec-of  nwindeio). 

Tlio  design  of  o t iG  3 lew- beam  electron  gun  ti\at  might 
serve  to  improve  the  e^’flcicncy  cf  klystrons  and  traveling- 
wave  tubes  has  been  executed  and  succetsful^y  tested  in  an 
especially  constructed  beam  tester.  Tnis  project  la  nearing 
completion. 

Two  other  projectB  have  been  completed  during  this 
q^oarter  and  technical  x’eports  have  been  lasued:  the  reduced- 


(IT  . ACCfiL;^R/\TOR  KLYSTRONS) 


voli-age-ool lector  echeas  fcr  increaB.lng  erTicj.ency  of  high- 
po^^er  velocity-mouulate-f  tubes,  and  a ctudy  &"  a method  of 
conti'clT  tng  an  electron  b saro  oy  periodic  f ecu  wins  of  the 
electrostatic  or  magnetic  typ.’. 

3,  PvriSED  TRAlTSLIMa-WAVi.  TOBS  Tests  or.  a space- 
Jiar-iflonic  traveling-wave  tube  have  continued  during  the  last 
•luarter.  hTich  of  t\in  effort  vns  directed  tovrarc  njeasuring 
the  variation  In  gain  ae  a fu;)otlon  of  frequency.. 

The  studies  of  r.ew  types  of  periodic-  Btruc  ciires  are 
cjiiite  encouraging,  and  a lari-o  number  of  structures  eiiltable 
.Cor  hlph-pouei’  op-sratlcvi  luis  "'•sen  tested. 

T^icor^tical  and  ex;«rtrc?utal  york  on  cro?s-^ou:id  helices, 
'.jhlch  represent  ar  entirely  nnv^  type  of  tr? veling-'wave  struc- 
turs,  !iits  also  been  gclr,S  f ov.';at\3 • 

4-  yJLLI^2'7fER-'«/AVli  bW  I’ATION . The  e;r4.nr.l,r!.ent  on  ’>*  1- 
izlng  ch?  traaeverae  acceleration  of  electrons  la  nearlny 
completion.  It  Is  expected  ttat  the  project  r'ill  .ce  di  * 
tinned  vrithln  a few  months  cv.'ng  to  the  departur?  of  the  pxw- 
uent  project  loader,  .Or,  3.  Totz,  who  has  accepted  a faculty 
appointment  at  Oxford  Ul^iver£tlty  for  the  oommins-  achocl  year,. 
The  work  is  going  forward  on  n full  seals  and  .it  is  hoped 
that  successful  op-oraticn  of  '.'he  'vnlulator • v!.lll  be  achieved 
d’oi  Ing  the  aviinmer  of  195’> , 


II,  ACCELERATOR  KI.YSTF.C-R<?  (Staff i-  d.  d,  jasberg) 


Ihe  objective  of  tlds  project  ;[.?  the  study  of  hlgh-pov;cr 
pulsed  klystrone  of  tbs  type  that  a;  .‘  used  with  the  Stanford 
I'lark  III  accelerator.  The  ccir.t  of  o'nstruetlon  and  malnte- 
uar.ee  of  these  tubas  is  borne  by  tho  ONR-i^C  c.ouui'act  K6onr 
^51-^-  The  progresB  of  the  reoeurch  pertaining  to  theae 
lilystrons  la  reperteO.  hore  for  the  c.).ce  of  completeness. 

Seven  tubes  yiere  auded  to  the  M>rk  7.1X  raoh.l.nv-;  this 
quarter,  partially  replacing  v-he  nlr.o  tubes  that  failed... 

■■.There  are  how  seventeen  tubes  in  use  i host  Ci~  these  tubes 
became  tempera tuo.'^c  'i.liultfd  in  use  an  1 in  f;-ur  C'jse?.  this 
resulted  in  a piuxctured  rjaln  seal,  Tto  tAfoae  lost  when 

uheir  vacuum  puraps  failed  The  aver:. ge  ii,'.*  qf  the  failures 
was  9‘i2  hours.-  One  tabe.  operated  since  Ju.ne  1'93'-..  logged 
hours. 

Why  some  tubes  become  euiasicn  limited  e.vter  a shoi’t 
life  la  still  a puzzling  question  v;hi  'h  carmet  'oe  easily 
answered.  The  yrogro.ni  Uo  sea',  off  the  tubes  should  indicate 
whether  this  phenomenon  is  duo  to  cc'^tauinants  eucering 
through  the  pumps  or  to  sotjo  oiojnenl*  in  'che  tuboy  iher-^selves. 


(III.  BASIC  STUDIES) 


The  tube  nhich  was  scaled  off  last  quarter  was  run  on 
the  test  stand  whenci^er  possible  over  a slx-veek  period,  and 
accumulated  150  hours  of  operating  time.  During  this  test 
there  was  no  evidence  of  deterioration  of  performance  at  levels 
of  10  Kv»  output.  Due  to  its  poor  emission  prior  to  seal-off, 
the  tube  vras  never  usable  on  an  acceleiutor.  The  cathode  has 
been  t.«ken  out  of  the  tube  and  seemed  normal,  except  for  a 
large  amount  of  dark  nKterial  on  its  surface.  This  nay  have 
been  decomposed  oil  from  the  diffualon  puBp.  A scoond  tube 
should  be  on  the  pumps  early  In  the  next  quarter. 

There  was  one  output-window  failure  in  this  q\iarter. 

This  window  had  been  on  tv;o  tubes  with  a total  life  of  2130 
hours.  It  failed  due  to  arcing  fx*ctt'.  a smell  solder  fillet 
at  the  rastal-to-ceranslc  br^tze. 


III.  BASIC  STUDIES 


A SPECIAL  KLYSTRON,  K-l4  {Staff:  J.  H.  Jasberg) 


The  improvement  of  the  klystron  of  the  uype  use 


J ^ 


power  the  Fterk  III  accelerator  la  being  carried  out  to  a 
iar^e  extent  on  tubes  of  a special  type,  designated  as  the 
K-14  tube.  This  tube  has  the  following  modifications c 
Reamed  throat  at  anode. 

> 0^  Cathode  moved  O.i  in.  fax*ther  away  from  anode. 

tc)  5~Gm  oscillation  suppressors  In  middle  cavity. 

The  modified  tube  on  th<;  Hark  II  accelerator  was  lost 
because  of  failure  of  the  vacuum- protection  device  to  turn 
off  the  modulator  during  reprocessing  the  tube  after  replac- 
ing a l(^aky  output  window.  (.Sea  previous  luarterly  report.) 
It  has  been  replaced  by  another  cubs  of  this  type  which  gives 
as  good  performance.  Future  sealed- off  tubes  will  probably 
be  of  this  type 


B.  HOLLOW -CE-AM  STUDIES'’  (Staff:  S.  Chodorow,  C.  Sussklnd) 


The  tests  with  the  hoilovj-bram  electron  gun  have  been 
oomplstecU  The  beam  appears  to  reuuiln  hollow  foi‘  a consider- 
able distance  into  the  drift  tube,  both  under  d-c  and  pulsed 
voltage  condition.  The  magnetlo  field  required  to  focus  the 
bc-aia  as  a sharp  ar.nular  ring  on  a vlevjlng  screen  differs 
slightly  along  the  drift  tube.  Ir  other  words,  for  s given 
magnetic  field,  the  beam  exhibits  the  scallops  predicted  by 
theory. 

The  numerical  data  obtained  dp-vlng  the  tests  will  be  pre- 
sented in  e technical  repox't  (aow  in  propax'atlcn) , which  will 
also  ohev  the-  det.ail»  of.  the  special  beam  tester  employed. 


^Thls  pro.lect  is 


Eupperte 


ui.n.c.'r  Cont'o.-act  NGonx’  25132. 


(IV,  PULSED  TT;AVELiJ3a-WAVE  TUBE) 


C , REDUCED -VOLT «aE  COIJLIEiCTOR  (staff:  TU  H*  Winkler f 

This  project  Is  completed  -with  the  Issuance  of  a technical 
report,  method  for  Improving  the  efficiency  of  klystrons,*' 
by  R.  H.  Winkler  (Microwave  Laboratory  Report  No.  255> 

May,  1954), 

D.  ORADIENT  POCUSINO  (Staff:  M.  Chodorow,  C.  W.  Barnes,  Jr.) 

The  present  activity  of  this  project  has  been  completed 
with  Issuance  of  a technical  report  entitled  ® Periodic  focus- 
ing of  electron  besmo.  ” by  0.  W.  Barnes  , TR-Ko,  (Contract 

N6onr  2^)152),  3 May  1954. 


IV  V Fl'LSED  ‘RAVELING- WAVE  TUBE ’"■* 

(Staff:  M.  Chodorow,  E.  J,  M&ios,  R.  A,.  Craig, 
E,  Arfin,  E-  I,-  Chu,  J.  E.  Nevin?,  W.  P.  Ayers) 


A space-harmonic  tube  2^;^a  been  tested  under  a varlflby  of 
conditions.  Performance  on  the  orlglrial  tests  *,,00  roughly 
something  greater  than  500  kw  at  2700,  iJO  kw  at  3100,  and 
about  jlOO  kw  at  3300  Hc/s.  The  gains  at  these,  frequencies 
vary  from  about  2$  to  about  10  ub.  The  variation  in  gain 
was  much  greater  than  ext)ecVed.  Tnls  discrepancy  between 
the  theoretical  value  and  the  ciiperlmental  value  Is  attributed 
tc  the  beam  diameter  b^ilng  rniich  smaller  than  the  value  used 
in  the  original  calculations,  resulting  in  excessive  space- 
charge  effects  which  are  partlcvO-Rrly  noticeable  at  the  low- 
frequency  end  ydierc  the  tube  i»r!p»»dance  is  low.  This  explana- 
tion of  the  variation  In  gain  has  been  experlinentally  veri- 
fied. By  meesuri'.^g  the  difference  between  the  synchronous 
voltage  and  the  voltage  for  optimum  gain  It  is  possible  to 
determine  the  plasica  wavelength  from  existing  theoretical 
cur\c8.  One  can  then  calculate  a beam  diameter  and  also  the 
small-signal  gain  which  agrees  well  with  the  experimentally 
meaffxu-ed  gain.  As  corroboration,  it  was  found  that  by  moving 
the  cathode  and  changing  the  beam  focusing,  with  the  presica* 
able  result  of  a.  larger  beam  dlarueter,  it  was  possible  to 
increase  the  gain  at  3300  Mc/s  frem  10  to  17  db 

As  an  Indication  of  the  possible  peid'c.rri./uioe  of  the  tube 
at  constant  voltage  it  1b  possible  to  pick  n voltage  such 
that  one  can  get  200  kw  ca'morc  between  2700  and  29t>0  ^to/3  with 
1 Vr.:  of  drive  with  the  output- power  vai'latjon  being  no  greater 
than  3 db  over  this  band. 

Tne  tuoe  xs  going  to  be  dlsnantlcd  so  that  a different 
cathode  can  be  pat  into  it. 


^■hls  project  is  supported  under  Contract  N6onr  25132. 

'“This  project  la  partla'lly  su-.vort  >i  under  Ccr.trcict 
rJuonr  25132- 


(IV.  PULSED  TRAVELINO-WAVE  TUBE) 


The  stmcture  vrlth  negative  mutual  Inductance  coupling 
which  permltB  operation  on  a fundamental  component  haa  been 
tented , The  impedance  of  this  structure  la  about  ao  good  as 
the  simple  disk-loaded  guide,  ao  that  the  slot3  and  fins 
necessary  to  produce  the  equivalent  negative  inductance 
apparently  do  not  change  the  impedance  characteristics  Bvork- 
edly.  Prom  the  Impedance  iricasurements  made,  and  large -C 
curves^  It  seems  that  one  can  gel.  a flat  gain  characteristic 
over  a l>and  of  about  550  Kc/s  A report  is  being  prepared 
on  all  the  various  structures  which  have  been  measured  as 
p08sii>j.y  suitable  for  hl.gh- voltage  operation  Measurements 
on  a modified  Interdlgital  stvaicturt  are  continuing;  par- 
ticularly, the  Impedance  is  being  detcrriilned  to  compare  the 
modified  interdlgital  structure  with  thC'  or:3iriary  one« 

During  the  past  six  months,  work  has  also  been  progres- 
sing on  croas-wound  helices  The  previous  calculatlo-^o  cl 
phase  velocity  used  a pcrticalar*  assuijupo.L.i.i  ■ici  tc  tne  current 
distribution  in  the  tapes  This  current  distribution,  strictly 
speaking,  could  exist  only  If  the  tapes  were  not  in  contact. 

If  the  tapes  are  in  contact,  the  resultn  still  be  ac- 

curate for  tne  case  of  very  narrow  tapesj  bur.  fer  very  wide 
tapes  with  a ccnslderabl®  region  of  overlap,  the  current  dis- 
tribution ifl  apt  to  lead  to  ao.ne  error  In  the  phase  velocity. 
These  are  merely  uunevlcal  differences  and  do  not  affect  the 
fundaiatntal  properties  of  th-c  erces-woiind  helloes.  However, 
to  find  out  what  the  effect  of  a large  overlap  region  with 
contact  had  on  the  P’hase  velocities,  calculations  have  been 
started  on  an  equivalent  structure,  namely  one  consisting  of 
a series  of  tape  rlr.ga  which  -sre  altor-nately  connected  at  0*^ 
and  l8c°  by  0.  ctrir  of  seme  width..  In  this  case,  one  assumes 
a field  distribution  in  the  gape  between  the  rlr.gB,  and  one 
can  caiculst.p  the  phase  velocity,  C»ne  riat,  at  hie  disposal 
as  variable  parameters  the  width  of  the  tape  rings,  or,  what 
amounts  to  the  same  tiling,  the  width  of  the  gap  between  them; 
and  also  the  width  of  tlie  atrit  connecting  alternate  rings. 

This  v'ldth  correspemdB  to  the  overlap  i‘eglon  in  the  case  of 
helices,  Tliese  calculation^'  have  prooCi..ed  and  curves  of  the 
velocity  as  a function  of  the  relevant  f>arumeter3  have  been 
added . Since  In  iaav:y  castis  It  way  be  useful  actually  to 
wake  a travellng-wave-tub€!  stmeture  using  Joined  rings  rather 
than  ti  tape  helix,  these  curves  will  be  ueef”.?.  for  design  also, 
A technical  report  ors  these  ne*,4  calculations  b«ing  prepared. 
Work  l5  also  proceediiig  on  building  a traveling-wave  tube 
for  5 cm  using  a cross-wound  heJlx.  The  p.-eliniinary  tube  was 
built  sad  its  gain  leuB  than  cr.t.iclpntod,  probably  because 
of  excessive  dielectric  loading  which  reduced  the  phase  velo- 
city end  also  the  iiupeclance  . Aviother  tube  will  be  built  with 
thu  dielectric  envelope  separated  from  the  helix  by  sufficient 
'’j.ctancs  to  i-educe  tie  loading.  This  .'5-cm  tube  is  zo  be 

operated  an  a rAilsod-anp.li.''ier  at  abovi  10  kv  -mi  1 amp. 


V . MILLIME'IER-V;aVF.  cseneration 
( staff j H,  Motz,  H,  F.  0»  Golde,  L«  M.  Wlnalow) 


The  objective  of  thic  project  Is  the  (Scneratlon  of 
ptilsed-inicrowavc  er  ^rgy  at  mJ.?,llEstric  wavelengths,  notably 
by  means  of  the  acceleration  of  electrons  by  spatially  per- 
iodic magnetic  fields, 

JXirlr,g  the  peiiod  under  review  almost  all  of  the  con- 
struction work  has  been  completed.  The  performance  of  the 
accelerator  section  at  high  p-ower  was  much  less  than  expected 
from  low- power  tests-  This  is  presumedly  due  to  a fa\r0.t  in 
the  manufacture  of  the  pipe  which  causes  bad  disk  contacts. 

In  order  to  get  the  electron  energy  needed  for  the  project,  a 
1,-Mw  klystron  had  to  be  used  in  p7,ace  of  the  0.3-Mw  magnetron. 
These  difficulties  liave  delayed  the  experiment. 

It  is  anticipated  that  work  on  this  project  at  Stanford 
University  will  be  terminated  in  the  Fall  of  195^>  although 
some  work  may  be  continued  with  the  seune  equipment  at  another 
institution  under  a subcontract  from  Stanford  University . 
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